Abstract. Lateral extrusion, which requires less forming load comparing the closed-die forging, has been presenting a gradually increasing field of application as a type of metal forming wherein advantageous of forging and extrusion are combined. In this study production of a work piece with a single tapered tooth manufactured by the lateral extrusion method has been made and experimental load and die fullness rates have been measured. After that the data obtained from experiments was submitted to the developed artificial neural networks (ANN) model. The ANN model was trained by taking diameter, height and stroke as the input variables and the injection upsetting load as the output parameter. The ANN predicted results were found to be in terms of prediction accuracy with experimental results.
Introduction
Concept of lateral extrusion has been encountered in the literature as injection upsetting, radial extrusion or injection upsetting. Mechanical and physical properties of the parts so manufactured are also high. In this method, complex-shaped machine elements with a stem and flanged or projecting in pieces to the side have been manufacturing as near the net shape. Albeit its advantageous as referred above the most important factor which limits the lateral extrusion is tool stresses. Therefore, it is recommended to carry out the process at hot or warm forming conditions. [1] . One of the most important factor that affects the material flow is geometrical ratio of the primary deformation zone, another one is instantaneous die filling ratio. Balendra [2] [3] investigated material flow and load requirement for the lateral extrusion process. Mizuno et al. [4] investigated the forming load and the punch pressure using the simple ideal deformation method. Ko et. al. [5] used FEM method for three different aspect ratios, seven different gap heights and five different die corner radii as process parameters. Because of higher mechanical features of the components that have been manufactured by means of Lateral extrusion method it has become prominent as the preferred method in the machine components just like a gear working under high torque and force. But, there have been very few studies on the lateral extrusion of segmented flanges in the literature. Plancak et al. [6] and Çan et al. [7] investigated the load requirement of lateral extrusion of segmented flanges by using upper bound method. Altınbalık [8] studied on the profile of free surface of tooth in the spur gear form with tapered tooth profile.
The artificial neural networks (ANN) is a successful approach to represent a complex nonlinear relationship between the input and the output of any system. ANN can solve a diversity of problems because of their speed and capability of learning [9] . Recently, ANN modeling has started to apply to metal forming applications. Li et al. [10] studied to forecast the extrusion load. Hsiang et al. [11] studied to investigate the influence of temperature on hot extrusion of AZ61 magnesium alloy using artificial neural networks. It is found that the ANN can accurately analyze the tensile strength distribution for rectangular tube under different parameters. Qin et al. [12] performed ANN modeling to evaluate and predict the deformation behavior of ZK60 magnesium alloy during hot compression. Zhou et al. [13] used ANN model by taking extrusion ratio, ram speed, shape complexity and ram displacement as the input variables and the extrusion load and exit temperature as the output parameters for a specific AZ31B magnesium extrusion alloy shape. In the light of the reviewed literature ANN modeling technique can successfully be applied to metal forming applications. The objective of this current study is to develop a new model for prediction of the injection upsetting load for gear like components using ANN models.
Experimental Study
By virtue of its characteristic feature to be hot forming at room conditions lead has been preferred as testing material. Cylindrical workpieces have been machined at 21 mm dia. and lengths of 50, 60 and 70 mm and 23 mm. dia., lengths of 41.7, 50, 58.3. Dies have been manufactured from 1.2344 DIN hot work tool steel. Two different containers with 21 mm and 23 mm diameters and tapered single tooth die with tooth number N=1 have been manufactured. The height of the lower die is 15 mm as seen in Fig.1 . The specimens were cleaned with acetone so as to provide a similar friction condition before deformation. Experiments were conducted on a 150 metric ton hydraulic press with constant ram speed of 5 mm/sec.
Fig.1 Schematic illustration of die assembly

Development Of Neural Network Model Structure
Most widely used learning algorithm for the ANN is the back propagation algorithm since it works sending inputs forward and then propagating errors calculated using a certain error criteria backwards. In this algorithm, the learning procedure is continued till the minimal error is obtained. For this study, the neural network was built to predict the results of the injection upsetting load obtained from experimental results. The ANN structure developed is given in Fig. 2 . As shown in the Figure 2 , the ANN structure takes into consideration three neurons as input parameters in the input layer; diameter (D), height (H) and stroke. The output layer consists of one neuron representing injection upsetting load occurring at different die design parameters while the hidden layer contained four neurons. A transfer function for the hidden layer is required to acquaint the nonlinearity into the network. A Sigmoid Axon transfer function was used. The proposed ANN model for predicting injection upsetting load of different die designs in application was employed as the feed-forward neural networks which consist of multilayer perceptions trained back-propagation algorithms.
The obtained data from experimental results was split into training and test subsets. 30 data patterns were randomly divided into 24 training data patterns (80%), and 6 test data patterns (20%). In this study, testing data sets were not used during training of the network and therefore they could form a good indicator to test the accuracy of the developed network. Two back-propagation algorithms, Levenberg-Marquardt and Momentum and two functions, TanhAxon and SigmoidAxon are compared, to obtain the best fitting back propagation algorithm for the present study. In the selection, coefficient of multiple determinations (R 2 ) between the ANN predicted injection upsetting load and experimental injection upsetting load were compared.
Experimental Results
Forming of a gear like profile by using injection upsetting method has been examined in the study so carried out. Lengths of the workpiece and diameter of the sample have been chosen as the process parameters. In the Fig3 experimental load-stroke curve is given for 21 mm of sample diameter and three different heights of sample. When the graphic has been examined, it becomes prominent and attracts the attention that with the change of the length of sample at lower stroke values the load has not been changed much, but with the increase of stroke the effect of the length of sample onto the forming load became remarkable and conspicuous. Specifically after the value of 9 mm in which the material started to fill die cavity, there appeared rather a significant increase in load. With the effect of friction there comes up a gradually increasing difference ranging from 50 mm to 70 mm of the length of sample. While the said difference is 13% for the 9 mm stroke, it is 23% for 11 mm stroke value and %37 for 13 mm stroke value. Fig4. indicates load-stroke curve for sample dia. 23 and 41.7 mm, 50 mm, 58.3 mm long samples. Due to a greater diameter, as it is anticipated the effect of the friction onto forming load is great. Therefore the difference of load between the sample lengths at stroke value where the material started to flow inside the die is conspicuous. While the difference for sample of 21mm diameter is 7kN, the difference for the sample of 23 mm dia. is about 17kN. Stroke values in the experiments for the two different diameters have been designed and lined up so that the same amount of material should enter into the die. Although the die of 21mm dia., compared to the one with 23 mm dia., gives higher values of load, it is much more suitable and appropriate for fullness of die. The reason why the force value shows increment at the both diameter of samples after a certain point is that the material showing flow inside the mould/die fills the area of tooth and contact of material to tooth top diameter begins. That the areas in the die that have not been filled in are left at small amounts and that material flow to these small areas is very hard and difficult however is another factor which leads to increase of the load.
Comparison Between Experimental Results And Ann
The data obtained from experimental results were submitted for ANN training and testing. Coefficient of multiple determinations (R 2 ) between the experimental lateral extrusion load and predicted lateral extrusion load with ANN is shown in Fig. 5 . and Fig. 6 respectively. A high R 2 value expressing a good agreement between experimental results and ANN predicted results occurred. In addition the diagrams, the performance of the back-propagation algorithms are evaluated with average absolute error (%) values. Table 1 shows that the best back-propagation algorithm for the present study, with minimum error (%), and maximum R 2 , is the LevenbergMarquardt (LM) algorithm while transfer function is SigmoidAxon. The differences, called as error, between the experimental and ANN predicted load can be also seen in Table 1 as average error (%). As it is seen from the table, the four ANN model were trialed and the minimum average error (%) value was obtained for Levenberg-Marquardt (LM) algorithm and SigmoidAxon transfer function. 
Conclusion
In this study production of a component resembling to a gear with a single tapered profile has been accomplished. The nonlinear effect of diameter (D) and height (H) on the injection upsetting load was investigated using artificial neural networks based on the data obtained from experiments. The diameters, heights of workpiece and stroke values were taken as the input data while the injection upsetting data was yielded as output data for ANN. Comparisons demonstrated that a very good correlation between the experimental and ANN predicted loads from the developed ANN model has been obtained. Coefficient of multiple determinations (R 2 ) between the ANN and experimental results was found 1.62 so this case indicates that the excellent capability of the developed ANN model as a useful tool to predict the injection upsetting load for different for different D and H values. 
